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ipsilaterally projecting retinal ganglion cells in the D3 the elimination of inappropriate subcortical axon projec-
tions.transgenic frog. Since D3 reduces the proliferation in
Otx1 is a mammalian homolog of the Drosophila genethe CMZ, it is not clear if D3 overexpression directly
orthodenticle, a homeodomain transcription factor (Si-affects the fate of the ipsilaterally projecting cells or just
meone et al., 1992). Otx1 is expressed in progenitor cellsdecreases the number of ventral ganglion cells gener-
in the cortical ventricular zone and in deep layers of theated during metamorphosis. Whichever the case, further
cortex (Frantz et al., 1994). To determine the functionstudy of frog metamorphosis will possibly open a door
of Otx1 in cortical development, Weimann et al. firstto another long-unanswered question, the differential
examined the pattern of Otx1 protein localization in thedecussation of retinal axons at the chiasm.
developing cerebral wall. They found that Otx1 was ex-
cluded from the nucleus in ventricular zone cells, but
Shinichi Nakagawa and William A. Harris was predominantly nuclear in a subset of cortical layer
University of Cambridge 5 neurons, suggesting that there is a regulated translo-
Department of Anatomy cation of Otx1 into the nucleus during development.
Downing Street By combining retrograde labeling from target structures
Cambridge CB2 3DY with Otx1 immunofluorescence, they also found that the
United Kingdom Otx1 protein is present in subcortical, but not callosal,
projection neurons.
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Analysis of the Otx1 mutant mice revealed striking
defects in the patterning of subcortical projections. Ef-
ferent projections from the mature visual cortex are nor-
mally restricted primarily to the thalamus, superior col-
liculus, and pons. In Otx1 mutant mice, these projections
Transcriptional Control appear normal, but in addition there is extensive innerva-
tion of the inferior colliculus and the spinal cord. Sinceof Cortical Connectivity
innervation of the inferior colliculus and spinal cord from
visual cortex is normally seen early in development but
later is eliminated, the phenotype of the Otx1 mutant
The development of connections in many regions of the mice suggests that Otx1 is required for the elimination of
mammalian brain is characterized by the formation of exuberant axon projections from inappropriate targets.
widespread axon projections, followed by elimination It is not clear why visual cortical projections to the
of inappropriate axon terminals. For example, layer 5 inferior colliculus and spinal cord are maintained in Otx1
neurons in the visual cortex initially extend axons into mutant mice. One possibility is that Otx1 function is
the pons, superior and inferior colliculus, and spinal required for the specification of regional identity in the
cord. Later in development, the axonal branches that cortex. Presumptive visual cortical neurons in Otx1 mu-
project to the inferior colliculus and spinal cord are elimi- tant mice might retain their projections to inferior collicu-
nated, leaving behind the mature projection pattern lus or spinal cord if their identities were switched to
(Stanfield et al., 1982; Stanfield and O'Leary, 1985). those of auditory or motor cortex. Regional identity,
While such large-scale remodeling of axon terminal however, appears to be unaffected in the Otx1 mutants
fields is important for the establishment of functional as projections from visual cortex to the lateral geniculate
connections, the molecular mechanisms that regulate nucleus develop normally in these mice (Weimann et al.,
this process are not well understood. In this issue of 1999). It would be useful to know if other aspects of
Neuron, Weimann and colleagues (1999) provide evi- regional identity (such as innervation from specific thala-
mic nuclei) are also normal in Otx1 mutants.dence that the transcription factor Otx1 is required for
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An alternate possibility is that Otx1 regulates the re- New work, including a paper by Cummings et al. (1999)
in this issue of Neuron, shows that large inclusions aresponsiveness of cortical projection neurons to signals
at least not required for expanded polyglutamine pathol-that control the elimination of inappropriate axon termi-
ogy and raise new questions about pathological mecha-nals. For instance, elimination of visual cortical axons
nisms in this group of disorders.from the spinal cord might involve expression of a recep-
Recent evidence suggests that large inclusions aretor to a repulsive axon guidance cue, or loss of a receptor
not required for toxicity in polyglutamine repeat expan-to a trophic factor. Positive or negative regulation of
sions. First, cells from SCA2 patients reportedly lackthese receptors by Otx1 could allow the transcription
such inclusions (Huynh et al., 1999). Second, preventingfactor to exert an important regulatory influence on the
inclusions through protein engineering does not blockrefinement of axonal projections. While this is an attrac-
polyglutamine-dependent pathology induced by ex-tive model, it should be noted that Otx1 expression can-
panded ataxin-1 in mice (Klement et al., 1998) or ex-not be the sole determinant of whether certain subcorti-
panded huntingtin in transfected neuronal cultures (Sau-cal projections are eliminated. In addition to visual
dou et al., 1998). Both normal huntingtin and ataxin-1cortex, Otx1 is expressed in other cortical areas, such
are degraded by a ubiquitin±proteasome pathway, inas motor cortex, that maintain projections to the spinal
which addition of ubiquitin by specific ligases marks thecord. Elimination of exuberant axon projections by visual
protein for degradation by proteasome. NIs from bothcortical neurons must therefore involve additional mech-
patient materials and animal models show high ubiquitinanisms. Understanding the mechanisms by which Otx1
content and colocalization of proteasomes. Cummingsregulates region-specific pruning of subcortical projec-
et al. (1999) show that although wild-type and expandedtions should provide valuable insight into the problem
ataxin-1 are similarly ubiquitinated, the expanded pro-of cortical connectivity.
tein is selectively resistant to degradation and forms
ubiquitin-positive, detergent-insoluble aggregates. Inhi-
Anirvan Ghosh bition of proteasome activity with b-lactone increases
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Johns Hopkins University School of Medicine transfected with expanded ataxin-1, suggesting that pro-
Baltimore, Maryland 21205 teasomes either degrade the expanded ataxin-1 mono-
mers before they form large aggregates or degrade the
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ubiquitin ligase (E6-AP) blocks formation of NIs but ac-
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thology (Jiang et al., 1998). In Cummings et al. (1999),
transgenic mice expressing an expanded allele of
ataxin-1 (line B05) that lack maternal Ube3a expression
(Ube3a(m2/p1)) show much more rapid onset of SCA1-like
pathology than transgenic mice that express Ube3a.Intranuclear Inclusions and the However, it is unclear whether ataxin-1 is a direct tar-
Ubiquitin±Proteasome Pathway: get of E6-AP. Indeed, ataxin-1 is polyubiquitinated in
Ube3a(m2/p1) mice. These results could be interpretedDigestion of a Red Herring?
several ways. The least interesting interpretation is that
E6-AP deficiency may simply lower the threshold for
cellular pathology initiated by the expanded ataxin-1 in
Neuronal intranuclear inclusions (NIs) are ubiquitin-posi- a relatively nonspecific manner: sick plus sick equals
tive protein aggregates that have recently been de- sicker. Alternatively, E6-AP may directly ubiquitinate
scribed as a common ultrastructural feature of several ataxin-1 or an essential cofactor for initiating pathology.
neurodegenerative polyglutamine repeat expansion dis- Ataxin-1 or its cofactor may be ubiquitinated by alterna-
orders, including Huntington's disease and the spino- tive ligases in the absence of E6-AP, but the alternative
cerebellar ataxias (SCAs). Some early reports specu- use of isozymes may alter the kinetics of ubiquitination
lated that formation of such inclusions might be the or its coupling (by spatial or association constraints) to
key toxic event in this group of disorders. However, proteasomal degradation.
the pathological role of NIs has been controversial. Are Most of the recent data, including those in Cummings
these inclusions a proximate cause of cellular pathology, et al. (1999), argue that formation of large intranuclear
inclusions is not the main cellular insult in expandeda protective reaction to it, or entirely beside the point?
